protein solubility were observed. Hardness showed a significant negative correlation with myofibrillar protein solubility. Sarcoplasmic proteins appeared to be more susceptible to degradation.
INTRODUCTION
Salame Felino is a typical Italian dry-cured fermented sausage produced in a small area of the province of Parma (Italy), which is being registered as a protected geographical indication according to the provisions laid down by Council Regulation (EC) n. 510/2006. [1] This sausage is traditionally manufactured using the trimmings from pork belly and shoulder, which are characterized by an adequate lean/fat ratio. The raw meat, never frozen, is coarsely ground (6-8 mm grinder plate) and mixed with sodium chloride (2-2.8%), black pepper in grains or powder (0.03-0.06%), and crushed garlic. The mince, stuffed in natural casing (rectum), is generally naturally fermented. Salame Felino belongs to the group of low-acid sausages, which are widespread in Mediterranean countries even though they display great regional diversity. These latter are usually dried at low temperatures to avoid rapid and intense fermentation and achieve final pH values over 5.3. [2] A characterization of salame Felino has been carried out on matured sausages, purchased on the market of Northern Italy, by measuring some chemical, physical and sensory attributes. [3] As far as the authors know, the studies devoted to salame Felino during ripening are limited to some microbiological aspects. [4] Information is lacking on qualitative features during processing of this typical Italian sausage, in particular for those relevant to textural properties and protein degradation. The development of acceptable texture in dry-cured sausages is very important for the successful marketing of the high-quality products. [5] Texture is by definition a sensory parameter that only a human being can perceive, describe, and quantify. [6] However, texture includes a variety of characteristics, such as hardness, springiness, chewiness, juiciness, and greasiness, which can be instrumentally measured. [7] Nowadays, the most commonly used instrumental method for texture determination is probably the compression method of texture profile analysis (TPA). This method mimics the conditions to which the material is subjected throughout the mastication process. [8] Many factors affect the final texture of fermented dry-cured meat products. They include the ingredients used, processing parameters, drying and ripening conditions, as well as the interactions taking place among these factors over an extended period of time. [5] From a biochemical point of view, proteolysis is one of the most important changes occurring during the ripening of fermented sausages affecting texture. [9] Overall, texture development takes place in three major steps: extraction of proteins by salt during grinding and mincing, formation of a protein gel during acidification, and strengthening of the protein gel by further denaturation during drying. [5] The purpose of this study was to investigate the evolution of the textural properties and the changes of the myofibrillar and sarcoplasmic proteins during the ripening of salame Felino. This information will provide a specific characterization of a product considered to be of high quality by consumers and could be of particular interest for salame Felino intended for slicing and packing under vacuum or modified atmosphere; in this case, it is essential to have sausages free of textural defects and with suitable technological traits.
MATERIALS AND METHODS

Salame Felino Manufacture
Salame Felino was produced in a 50 kg batch in the plant of a local factory by mincing and mixing trimmings from pork belly and shoulder, which are characterized by an adequate lean/fat ratio, without adding other subcutaneous fat. During mixing the following ingredients and additives were added: sodium chloride (2.4%), potassium nitrate (150 ppm), sodium nitrite (150 ppm), pepper powder (0.01%), whole pepper (0.1%), dehydrated garlic (0.01%), and red wine (1 L/100 kg mince). After a resting phase of 24 h at 2 • C with no control of relative humidity (RH), the mix was stuffed in natural pork casing (around 70 mm in diameter) and matured according the following procedure: 12 h at 24 • C and 85-90% RH, followed by a first decrease of temperature to 18-20 • C and 75-90% RH in 24 h and a second one to 16-18 • C and 80-85% RH in 48 h. The salami were then left at 14-16 • C and 70-80% RH for 28 days for maturation.
Sampling
At scheduled times during ripening (raw mince, 3, 7, 14, and 28 days), three sausages were taken from the ripening room and used for analytical determinations. Duplicate determinations of physico-chemical parameters, weight loss, assessment of proteolysis, and triplicate determinations for texture profile analysis were performed on each tested sausage.
Physico-Chemical Parameters and Weight Loss
As for proximate composition, moisture, crude protein, and fat content were determined according to the Association of Official Analytical Chemists methods. [10] Sodium chloride content was determined by measuring the chloride-ion content by the titrimetric method of Volhard. [11] pH was measured by a pH meter inoLab 720 (WTW GmbH & Co., Weilheim, Germany) equipped with a glass electrode Double Pore TM 238400 (Hamilton Company Europe, Bonaduz, Switzerland). The measurement was performed by direct penetration in three different areas of the internal part of the sausage. Water activity (a W ) was measured by an a W meter AquaLab CX-2 (Decagon Devices, Inc., Pullman, WA, USA). Weight loss was recorded during the maturation period and it was calculated as percent difference between the weight of the raw sausages and that of the sausages at the different steps of ripening.
Assessment of Proteolysis and Protein Fraction Solubility
The proteolysis index, expressed as non-protein nitrogen (NPN), was measured according to the procedure described by Careri and co-workers; [12] 20 g of minced muscle were mixed with 180 mL of distilled water and centrifuged at 8500 rpm for 15 min at 5 • C. After filtration, 50 mL of solution were added to 50 mL of trichloroacetic acid in water (5 g/100 mL) and allowed to react overnight at 4 • C. The mixture was centrifuged, filtered, and analyzed for total nitrogen in the supernatant (Kjieldahl method). Proteolysis index was expressed as percent ratio between nitrogen soluble in trichloroacetic acid and total nitrogen (% NPN/N tot).
Protein solubility was determined according to the method of Astiasaran and coworkers with some modifications. [13] This method involved consecutive extraction of sarcoplasmic, myofibrillar, and insoluble protein fractions with phosphate buffer of a different ionic strength. Four grams of sausage were homogenized with 40 mL of 0.03 M phosphate buffer (pH 7.4) for 1 min using an Ultra Turrax (T25 IKA, Staufen, Germany) at 13,500 rpm. The homogenate was centrifuged at 10,000 rpm for 20 min at 4 • C; the supernatant was decanted as sarcoplasmic protein fraction. Myofibrillar fraction was extracted from the resulting pellet by homogenizing with 40 mL of a solution containing 1.1 M KI in 0.1 M phosphate buffer (pH 7.4) for 1 min. The homogenate was centrifuged under the conditions previously mentioned; the supernatant contained the myofibrillar proteins. The insoluble protein fraction was extracted from the remaining pellet by homogenizing with 40 ml of an aqueous solution containing 8 M urea and 1% (w/v) β-mercaptoethanol for 1 min. The supernatant after the centrifugation contained the insoluble protein fraction. Protein concentrations of extracts were determined by the Bradford Protein Assay (Sigma-Aldrich, Milan, Italy) using bovine serum albumin as standard (Bio-Rad Laboratories, Hercules, CA, USA). [14] From these data the solubility of each protein fraction as a percentage of total protein was estimated.
Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Sarcoplasmic and myofibrillar fractions were analyzed by SDS-PAGE using a Multiphor II Electrophoresis Unit and Excelgel SDS gradient 8-18 (Amersham Pharmacia Biotech, Uppsala, Sweden) according to the instructions supplied by the manufacturer. Protein fractions were adjusted with deionized water to give a final concentration of 6 mg/mL, then diluted 1:1 with SDS-PAGE sample buffer and heated at 95 • C for 5 min prior to electrophoresis. Gels were stained with Coomassie Brillant Blue R-250 (0.1%) in fixative solution (40% ethanol, 10% acetic acid). The gels were then destained using 40% ethanol and 10% acetic acid. Gel consistency was achieved using 13% (v/v) glycerol. Staining and destaining of the gels were performed according to the Multiphor II manual 1989 Ed. (Amersham Pharmacia Biotech). Molecular weight of the protein bands were estimated by running standard protein of known molecular weight (Precision Plus Protein TM Standards; BioRad, Milan, Italy) in each gel. The high molecular weight standards used were myosin (205 kDa), β-galactosidase (116 kDa), phosphorilase b (97 kDa), fructose-6-phosphate kinase (84 kDa), and albumin (66 kDa) from Sigma Chemical (St. Louis, MO, USA). Quantification of the bands were carried out by first scanning the gels and then taking densitometric readings using image analysis PDQuest software (Bio-Rad Laboratories). The molecular masses of the protein bands were calculated from the R f values by interpolation on the calibration curve of standard markers.
Instrumental Texture Profile Analysis
Texture profile analysis (TPA) was performed using an Instron Universal Texture Machine (Model 5565, Instron, Divisione ITW Test and Measurement Italia S.r.l., Milan, Italy). Three cylindrical samples (1.8 cm in diameter, 1 cm in height) were compressed twice to 40% of their original height by a compression plate of 5 cm diameter and 5000 N load cell. Force-time curves were recorded at a crosshead speed of 10 cm/min. The following parameters were determined: hardness (N; the peak force during the first compression cycle); springiness (dimensionless; in general this parameter is defined as the height (in mm) that the sample recovers during the time that elapses between the end of the first compression cycle and the start of the second one; for viscous-elastic food samples such as sausage, it is preferable to define springiness as the ratio of the covered distance of the sample during the second compression cycle to that during the first cycle until the desired deformation is reached); cohesiveness (dimensionless; the ratio of the positive force area during the second compression to that during the first compression excluding the areas under the decompression portion in each cycle); chewiness (N; the product of hardness × springiness × cohesiveness); adhesiveness (mJ; the negative force area after the first cycle, representing the work necessary to pull the plunger away from the sample); gumminess (N; the product of hardness × cohesiveness). [15] 
Statistical Analysis
Summary statistics (mean and standard error of the mean) were computed for each dependent variable using the SPSS ® software package (Release 14.0 for Windows, 2004; SPSS Inc., Chicago, IL, USA). Proteolysis index, myofibrillar and sarcoplasmic protein solubility, and textural parameters were subjected to one-way ANOVA to test the significance of the effect of the ripening time. Mean values were separated at, or below, the 5% probability level using the Scheffé post hoc test. Two-tailed bivariate correlations were performed among dependent variables (proteolysis index, myofibrillar protein solubility, and textural parameters) and Pearson's correlation coefficient was calculated.
RESULTS AND DISCUSSION
Physico-Chemical Parameters and Weight Loss
The results for compositional analysis, sodium chloride content, pH, water activity (a W ), and weight loss during the processing of salame Felino are given in Table 1 . The sausages showed a gradual decrease of water content from 61.8 to 44.2 g/100 g; as a consequence, the weight loss at the end of ripening was around 38% and the a W gradually lowered to the minimum value of 0.933. For the effect of drying, protein content raised from 18.4 to 25.6 g/100 g. Similarly, sodium chloride concentration increased from 2.19 to 3.35 g/100 g. When expressed on a dry matter basis (data not shown), this latter value is in line with those of other Italian Protected Designation of Origin sausages (salame Brianza and salame Piacentino) and of those roughly classified as Mediterranean or Southern Europe type sausages. [16, 17] The evolution of pH values well agreed with the trend observed during ripening in typical Mediterranean dry-cured sausages generally characterized by slow pH fall, followed by a gradual rise, and pH values of matured products higher than 5. [17] The sausage tested at the end of ripening complied with the standards set by the regulation of production of salame Felino, which provides qualitative and descriptive characteristics and sets limits relevant to some physico-chemical attributes for the dry-cured sausage at the end of ripening; in particular, protein content and pH were above the established minimum values (23 g/100 g and 5.3, respectively). As a whole, the compositional parameters and NaCl content, as well as pH and a W , were in the range of values reported for this type of product. [3] 
Protein Changes
During fermentation and ripening stages of dry-cured fermented sausage, a large number of biochemical reactions occur through the activity of muscle endogenous and microbial enzymes; all of these reactions are deeply involved in developing sensory traits of the final meat products. In particular, the proteolysis generates a large number of low molecular weight compounds, such as peptides and amino acids, directly involved in the development of typical texture and aroma of ripened sausage. [18−20] Several authors agree about the key role of endogenous muscle proteinases to break down sarcoplasmic and myofibrillar proteins during the first stage of fermentation while bacterial proteinases, above all from lactic acid bacteria, get involved during the ripening stage to extend protein hydrolysis, producing peptides and free amino acids. [9, 17, 21] Thus, microbial activities may play a pivotal role in developing the characteristic sensory traits, in particular, texture and flavor attributes. In this regard, it has to be remembered that microbial flora in salame Felino is naturally selected during processing because no starter cultures are added to the mince, and quality and safety properties of the final product highly depend on the traditional manufacturing process. The proteolysis index and solubility values of the different protein fractions (sarcoplasmic, myofibrillar, and insoluble fraction) of salame Felino during ripening are shown in Table 2 . The proteolysis index gradually increases during all the ripening period ranging from 11.9 to about 16% NPN/N tot. These results are in line with those of other studies reporting that proteolysis is characterized by an increase in NPN level during processing of different types of fermented sausages, [9, 13, 22, 23] although the ripening period of the sausages of this study was quite limited. Moreover, the NPN increase of salame Felino of this study (around 4 percentage points) was comparable to that observed in bacterial starter-inoculated salami. [9, 23, 24] According to the results of other studies, [9, 13, 22, 23, 25] a complex endogenous and microbial proteolytic pattern could contribute to the proteolysis level observed in salame Felino, even though the pH was never lower than 5.4.
As far as the solubility of different protein fractions is concerned, the extractability of sarcoplasmic proteins shows a decrease until day 14 of ripening, ranging from 21 to about 12%, significant between days 3 and 7, followed by a mild, but not significant, increase at the last stage (day 28). The loss of solubility of sarcoplasmic protein showed the same trend of pH evolution. Myofibrillar protein solubility decreased more rapidly than that of sarcoplasmic fraction; during the first 7 days the solubility index fell down from 33 to about 16%, following the pH decline, and afterwards tended to decrease slowly, ranging from 16 to 8% from day 14 to 28. These results agree with the trend observed in other studies showing that protein solubility depends on processing conditions. In particular, the loss of solubility is believed to be dependent on protein denaturation induced by processing changes, such as salt increase, pH decline, fermentation temperature, and dehydration condition. [23,24,26−28] The electrophoretic profiles of sarcoplasmic and myofibrillar proteins of salame Felino at different processing stages are given in Fig. 1 and Table 3 as relative density (%) values of the electrophoretic bands. Band intensity of sarcoplasmic proteins slightly changed from the first fermentation phase to the final ripening stages. Several high molecular weight fractions, such as 144, 98, 75, and 40 kDa bands, gradually decreased their intensity. Only 170 kDa band completely disappeared within the first 3 days. Compared to a progressive decrease of sarcoplasmic band intensity, several peptides of low molecular mass (11, 14, 18, 39 , and 67 kDa), absent in the raw mince and in the sausages assayed in the first steps of ripening, were detected at the last sampling time, probably as a consequence of the protein hydrolysis during the ripening process. Similarly, Diaz and co-workers [29] found that proteins with a molecular mass of 40, 44, 84, and 100 kDa completely disappeared in the sausages during fermentation at 22 • C for 24 h and ripening for 26 days, while polypeptides of 8, 10, 11, 16, 38, and 49 kDa appeared over the same time period. A similar trend was observed by other authors in semi-dry and dry sausages and in dry sausages made with deer or wild boar meat. [9, 21, 23, 30] As far as myofibrillar protein SDS-PAGE is concerned, no significant hydrolysis of myosin and actin were observed over the ripening period, in agreement with other studies. [20, 29, 31] The intensity of all of the myofibrillar protein band remained unchanged during the processing except for 24 and 22 kDa peptides, which showed a slight decrease at the end of the ripening (28 days). At the same sampling time, a 20 kDa peptide was detected with a band intensity of around 10%. Overall, as it has been assessed in acid sausages, [31−34] also in low-acid sausage like salame Felino the protein changes, although mild, seemed to follow the same path of pH evolution. Moreover, despite the loss of solubility of myofibrillar proteins throughout the ripening was higher than that of the sarcoplasmic ones, the latter of which appears to be more susceptible to degradation. 
Instrumental Texture
TPA parameters of salame Felino during ripening are shown in Table 4 . Hardness and related parameters (i.e., chewiness and gumminess) all increased over the ripening period (P < 0.05). Hardness, which was around 4.0 N in the raw mince, triplicated after 4 weeks of drying. A similar behavior was observed by Warrants and co-workers [35] in salami dried for 11 weeks. The increment of hardness observed in some Italian low-acid sausages ripened up to 100 days was much lighter, [34] whereas that recorded in Spanish chorizo ripened 21 days was much more severe. [36] Over 28 days of ripening, the increase in chewiness and gumminess were, respectively, around 5 and 4 times the values measured in raw mince. Springiness and cohesiveness remained fairly constant over the ripening period and no statistically significant changes were observed. Adhesiveness showed a gradual but significant decrease after 14 days (P < 0.05). Although condensed into a limited period, this trend followed that of some Italian low-acid sausages ripened up to 100 days. [34] Based on the evaluation of mechanical properties by compression-relaxation tests performed on 29 commercial salami Felino, Dellaglio and co-workers [3] concluded that products of very different consistency could be found on the market. However, the aging period of those sausages was widely variable ranging from a minimum of 17 to a maximum of 160 days. For other Mediterranean-type dry fermented sausages, such as chorizo de Pamplona, the instrumental measurement of texture showed much lower variability; [37] the same authors suggested a possible improvement of the actual legislation of chorizo de Pamplona by including some of the parameters related to textural properties (in particular hardness) and specifying their values and/or ranges.
From a technological point of view, hardness could be useful as a means of detecting problematic texture development, as it has been proposed for dry-cured ham. [38] As a matter of fact, the consistency of fermented sausages increases due to acidification and drying. [39] Texture development during the acidification process is primarily the result of meat protein denaturation and coagulation. During the grinding and mincing procedures, the added salt promotes the solubilization and extraction of proteins from the myofibrils, forming a sticky protein film around the minced particles. [5] During the succeeding acidification process, the solubilized proteins coagulate and form a strong gel that binds fat and meat closely together. After gelation, the gradual release of water creates a more dense and chewy structure. The net result is usually an increase in firmness, but a fine balance is required between forces contributing to hardening and those contributing to softening or protein breakdown by proteolytic enzymes. [5] Textural properties of dry-cured meat products are mainly determined by the processing technological parameters and the characteristics of the raw material. [38] In dry-cured ham, the effect of technological parameters (such as aging temperature and amount of salt) on the texture of the final product has been examined in several studies. [40, 41] Regarding the raw material, the effect of genetic origin of the meat, enzyme activity, and pH have been studied by several authors. [42−44] A negative non-linear relationship between hardness and water content and a W has been reported in dry-cured ham. [45] In dry-cured fermented sausages, textural properties have been mainly related to pH. Differences in pH values explained the variability of texture among different brands of chorizo de Pamplona. [37] Indeed, the evolution of pH during the ripening process strongly affects the changes of textural parameters. [36] The decrease of pH to the isoelectric point of myofibrillar proteins (5,1) favors gelling of proteins and cohesiveness of the sausage, since at this point positive and negative charges are balanced and minimum repulsion between meat proteins is reached. If pH is reduced below the isoelectric point, more protein is extracted producing a firmer product. Despite in our study the pH values of salame Felino during processing were always higher than the isoelectric point of myofibrillar proteins, hardness showed significant negative correlation with myofibrillar protein solubility (r = −0.835, S = 0.001). In agreement with Roca and Incze, [46] this result confirms that the higher consistency is due to the loss of solubility of myofibrillar proteins. For this reason, the application of various enzymes showing increased solubility of proteins by their digestion into smaller units has been suggested as a tool for meat tenderization. [47] 
